Trianions can be formed from dicarboxylic acids which contain a P,y-double bond, and amination with chloramine yields P,y-unsaturated a-amino acids. This methodology provides a convenient synthesis of amino acids that are inaccessible by other routes. (2)-3-Phenylthiopent-2-enedioic acid and all four stable unsaturated analogues of the conformationally restricted glutamate analogue 1-aminocyclopentane-1,3-dicarboxylic acid have been synthesized to demonstrate the applicability of the method. The structure of one of the amino acid products, (&)-cis-1-aminocyclopent-4-ene-1,3-dicarboxylic acid ( 7 ) , has been determined; it crystallizes in the space group P21/c, a 9.245(24), b 8.455(2), c 9.311(3) A, ,8 95.00(2)', and the structure was refined to R 0.035 for 980 F.
Introduction
The selective activity of conformationally restricted analogues of neurotransmitters such as y-aminobutyric acid (GABA (1)) and L-glutamic acid (2) has provided considerable evidence about receptor subtypes and the conformations of neurotransmitters required to activate particular Conformational restriction of these amino acids can be accomplished by the introduction of a double bond into an analogue, or the incorporation of the neurotransmitter structure into a cyclic derivative. For example, the unsaturated GABA derivative trans-4-aminocrotonic acid (TACA (3))5 is a relatively potent GABAA receptor agonist while the corresponding cis isomer (CACA) has been used as an agonist to investigate other GABA receptor subtypese6 The corresponding unsaturated analogues of glutamic acid such as (4) have not been synthesized, although the chloro-substituted amino acid (5) has been isolated as a natural product.7 The difficulty of synthesis is probably due to the propensity of the double bond in these glutaconic acid derivatives to migrate with subsequent enamine hydrolysis, especially when the amino nitrogen is protected as an electron-withdrawing group such as N-acetyl and ~-b e n z~l o x~c a r b o n~l .~ The incorporation of a double bond into the cyclopentane ring makes subtle changes to the conformation and flexibility of the molecule, and the potency and selectivity of unsaturated cyclopentene analogues of GABA at GABAA receptors and GABA uptake sites vary considerably with the position of the double bond as well as with the stereochemistry of the amino and carboxy s u b~t i t u e n t s .~ Conformational restriction of glutamate
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with a cyclopentane ring has yielded (lS,3R)-ACPD (one of the isomers of 1-aminocyclopentane-1,3-dicarboxylic acid*) which selectively activates metabotropic glutamate receptors and differentiates them from ionotropic NMDA, AMPA and kainate receptor subtypes.10 Despite this activity, none of the unsaturated cyclopentene analogues of glutamate have been reported previously. Furthermore, unsaturated analogues offer a convenient route for the synthesis of tritiated ligands for binding studies.
In this communication we report that lithium enolates generated from appropriate P,y-unsaturated dicarboxylic acids can be aminated with ~hloramine'l>'~ to give P,y-unsaturated a-amino acids directly. Although the reaction proceeds in relatively poor yield, the procedure has the advantages that it utilizes readily obtained starting materials and that the amino acids can be produced directly without protection and deprotection steps. Where mixtures of different stereoisomers are obtained, they can be separated by ion-exchange chromatography during workup.
Dianions of unsaturated carboxylic acids generally react with electrophilic agents at the a-position with varying degrees of selectivity,13 although y-chlorination does occur.14 Electrophilic amination with a variety of reagents13>15>16 is rarely successful in high yield. Although chloramine has not been frequently used, the preparation of P-methyleneaspartic acid by amination of the sodium salt of an appropriate P,y-unsaturated malonate diester has been reported with chloramine as the aminating agent.17
Results and Discussion
Our initial studies on electrophilic amination as a potential route to P,y-unsaturated a-amino acids were directed towards the synthesis of the parent compound (4). The amination of the sodium salt of dimethyl glutaconate with 0-diphenylphosphinylhydroxylamine18 in tetrahydrofuran gave intractable mixtures whose n.m.r. spectra suggested that double-bond migration was taking place to give some of the labile alpunsaturated a-amino ester. Protons a to an acid have decreased acidity relative to protons a to an ester, and consequently the amination of acids, in preference to esters, was investigated. Although none of the parent compound (4) could be detected when trans-glutaconic acid was treated with 3 equiv. of butyllithium in tetrahydrofuran and then with chloramine at low temperature, this sequence was successful on the ccmmerci2!!y 2~,r2ilab!e (E)-hex=S+nediGic acid / l f i \ yielding the P,y-unsaturated a-amino acid (11) in 8% yield (Scheme 1).
Reasoning that the lack of success in preparing the parent compound (4) may have been due to the ready isomerization of the double bond, in addition to the insolubility of the intermediate trilithium salt, the incorporation of a group to stabilize the double bond was investigated. The 3-phenylthio-substituted glutaconic acid (12), obtained from the dimethyl ester,lg led to the formation of the required amino acid (13) (Scheme 2) in very low yield (3.7%). The isolation of a crude sample of this product by using Dowex-50W (H+) ion-exchange resin was possible on a small scale with water as eluent. However, it was more conveniently isolated by leaving a solution of the acidified crude product at pH 3-4 in a refrigerator until the product precipitated. Consistent with our inability to isolate the unsubstituted compound (4), this 3-phenylthio compound (13) was unstable to gentle heating, giving a thiophenol smell, and it could not be recrystallized. The spectroscopic properties of compound (13) were in accord with the proposed structure, with the lH n.m.r. spectrum showing singlets at S 5.31 (assigned as methine) and 5.48 (olefinic), and aromatics at S 7.5-7.65.
The cyclopentene analogues (6)-(9) can be regarded as 1,3-substituted glutamate analogues and do not have the complication of isomerization to unstable enamines. The same chloramine amination procedure was successfully applied to (lithium) trianions of appropriate unsaturated dicarboxylic acids to prepare (6)-(9), the complete range of these racemic unsaturated amino acids. " Care must be taken in describing whether substituents on these rings are cis or trans, since the compounds have been named in the pharmacological literature and catalogues according to the relative orientation of the carboxy groups before the problem of nomenclature was identified. Both IUPAC and Chemical Abstracts naming systems give priority according to the rules used for defining R or S configuration: structure (7) is cis-1-aminocyclopent-4-ene-1,bdicarboxylic acid in contrast to the naming used in many pharmacological publications.
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Scheme 2 Cyclopent-1-ene-1,3-dicarboxylic acid (14)~' and ciscyclopent-4-ene-1,3-dicarboxylic acid (15) (Scheme 3) are available, the latter from partial ozonolysis and oxidation of n~r b o r n a d i e n e .~~ Diacid (14) (Scheme 3) could be converted into the trianion and the trianion aminated with chloramine in a moderate 26% isolated yield, even though the anion of the diethyl ester of (14) was not successfully aminated with 0-diphenylphosphinylhydroxylamine. The separation and purification of (6) was best accomplished by ion-exchange chromatography on Dowex-50W (H+) resin, with water as eluent, because some other Ninhydrin-positive products were formed and these hindered crystallization of the product from the crude amino acid mixture. The trianion of the diacid (15) was formed with butyllithium in tetrahydrofuran and quenched with a freshly prepared solution of chloramine in diethyl ether as shown in Scheme 3. A workup involving Dowex-50W (H+) ion-exchange resin resulted in a 1 : 3 mixture of cis-and trans-l-aminocyclopent-4-ene-l,3-dicarboxylic acid (7) and (8) A similar low yield was obtained with N,N,Nt,N'-tetramethylethylenediamine. Preparing the trianion in the presence of hexamethylphosphoramide to counteract the limited solubility of the lithium trianion did not improve the yield. It is thought that the low yield may be due to difficulty in obtaining pure anhydrous chloramine.
The monolithium salt of the diisopropyl ester (16) could also be used in the amination reaction. In this case, acid hydrolysis followed by initial ion-exchange chromatography gave a 2 : 1 mixture containing (7) and (8) in 27% yield. These amino acids could be readily separated by taking advantage of the expected difference in pK, values of the cis-and trans-acids by chromatography on Dowex-50W (H+) ion-exchange resin with exhaustive water elution.22 Repeated chromatography of the mixture of (7) and (8) and recrystallization gave pure (7) (2%) and (8) (0.5%). Another significant factor in the ready isolation of these products was the ease of monitoring the eluent by thin-layer chromatography with the solvent system ethanol/water/conc. ammonia, 3 ml: 0.4 ml : 0.2 mi plus 1 drop of acetic acid; this has a pH appropriate to separate the acidic amino acids on thin-layer silica gel. An alternate workup of the amination products of (16) (Scheme 3) by using base hydrolysis of the intermediate amino esters yielded a mixture containing about 50% of the conjugated isomer (9). This ester isomerization provided a better route to pure racemic (9) (yield 2%, isolated as above) than an attempted base-catalysed isomerization of the non-conjugated amino acids (7) and (8).
X-Ray Crystallographic Study on (7)
The expected cis orientation of the 1-amino and 3-carboxy groups in the first eluted product (7) was confirmed by an X-ray crystallographic structure of this amino acid, shown as an ORTEP diagram in Fig. 1 . Positional parameters, bond lengths and bond angles are given in Tables 1-3. The structure consists of only the zwitterionic molecule. Hydrogen atoms were reliably located and thus we were able to establish that the amine group is protonated, the adjacent carboxy group is deprotonated, and the remaining carboxy group is un-ionized. Each of the acidic protons of the structure is involved in a single strong intermolecular hydrogen bond. The hydrogen bond between the carboxylic acid proton and the deprotonated carboxy group is very strong (O(1). . . 0 ( 4 ) 2.540 A, O(1). . .H(4) 1.54 A).
There are weak intramolecular contacts between the carboxylate and amine groups attached to C(3); these probably should not be described as hydrogen bonds. The cyclopentene ring is not significantly distorted from planarity; C(4) lies only 0.03 A out of the least-squares plane through the other four atoms of the ring and the largest intra-ring torsion angle is 2.2".
Biological Activity
The pharmacological activity of the cyclopentene analogues (6)- (9) is currently being assessed and will be reported elsewhere. Compound ( l l ) , when tested against the glutamate agonists NMDA, AMPA and kainic acid on the rat cortical wedge preparation, proved to be an NMDA receptor antagonist with a potency of about half that of A P~.~ On structure-activity grounds, this is consistent with its structural relationship with the weaker antagonist (E)-5-aminohex-2-enedioic acid (AHED ( 1 7 ) )~~ and the potent phosphonic acid CGP 37849 (18).~ Compound (13) proved to be inactive when tested on the rat cortical wedge preparation, both as an agonist (500 ,UM) and as an antagonist (100 ,UM) of NMDA, kainate and AMPA, results suggesting that the steric bulk of the phenylthio substituent may prevent interaction with these receptors. (7) with thermal ellipsoids scaled to 30% probability. Hydrogen atoms are represented by spheres of arbitrary radius. Table 1 . Positional parameters for cis-1-aminocyclopent-4-ene-1,3-dicarboxylic acid (7) Atom 104e lo4 lo42
c ( 1 ) 3192 (2) 1040 (2) 2134 (2) c(2) 1994 (2) 2308 (3) 1944 (3) c ( 3 ) 835 (2) 1866 (3) 2966 (2) c ( 4 ) 1452 (2) 418 (3) 3726 (2) (35) 2685 (2) -35(3) 3281(2) c ( 6 ) 4702 (2) 1705 (2) 2654 (2) (B) ethanol/water/conc. ammonia, 3 ml: 0 . 4 ml : 0.2 ml plus 1 drop of acetic acid. The plates were visualized with ultraviolet light and either iodine, permanganate or Ninhydrin spray. Ion-exchange chromatography was performed with Dowex-50W (50x4-200) resin in the H+ form.
Ethereal Chloramine
Initially, ethereal chloramine was prepared by the distillation procedure of Coleman and ~ohnston," but a more convenient procedure based on that of Schmitz et a1.12 was subsequently used for most of the amination reactions.
Sodium hypochlorite was prepared by the method of Coleman and ~a u s e r '~ as follows. Sodium hydroxide (20 g, 500 mmol) was dissolved in a mixture of water (40 ml) and ice (40 g) cooled in an ice-water bath. Chlorine gas (17.2 g, 239 mmol) was bubbled through the solution until the calculated amount was almost reached without the pH going below 7. The solution was monitored for pH with aqueous mercury chloride (colourless); this converts into mercuric oxide (orange) in basic conditions. The resultant yellow sodium hypochlorite solution could be stored for up to 12 h a t 0' prior to its concentration being determined before use (usually 2.5 M). The concentration of sodium hypochlorite was determined by using standard 0 . 1 M sodium thiosulfate (50 ml) to titrate the mixture formed, by adding sodium hypochlorite (1 ml) to a solution of A.R. potassium iodide (1.5 g) in glacial acetic acid (1.5 ml) and water (30 ml). Before the next step, the free alkali content of the freshly prepared sodium hypochlorite solution was measured by adding hydrogen peroxide solution (e.g. 0 . 8 ml of 100 vol. hydrogen peroxide added t o 2 ml of the sodium hypochlorite solution) to decompose the hypochlorite, and then titrating with 0.1 M hydrochloric acid solution (e.g. 2 . 5 ml, giving a free alkali concentration of 0.125 M).
To a solution of ammonia (1.94 M, 112 mmol) was added a quantity of ammonium chloride (11.2 g, 210 mmol); this quantity was calculated by adding together the amount needed to neutralize the free alkali content of the sodium hypochlorite solution (10 mmol) and the amount needed to react with the sodium hypochlorite solution (79 ml of 2.53 M, 200 mmol). The sodium hypochlorite (79 ml, 200 mmol) was added dropwise ovsr s period of 15 min with constant s t i r r i~g and cooling with an ice-salt bath. The internal temperature was not allowed to rise above 0' . The aqueous solution was then extracted with chilled ether (3x80 ml) and the cold ether dried over anhydrous calcium chloride. The ethereal chloramine was then decanted into a chilled vessel (-70°, acetoneldry ice), either for immediate use or for storage at -70' for up to 3 h. To determine the concentration, a sample of ethereal chloramine (1 ml) was reacted with a solution of A.R. potassium iodide (1.5 g), glacial acetic acid (1.5 ml) and water (30 ml) and titrated against standard 0.1 M sodium thiosulfate (e.g. 11.5 ml giving 0.57 M). The concentration of chloramine was frequently about 0.6 M.
(&)-(E)-2-Aminohex-3-enedioic Acid (11)
A solution of (E)-hex-3-enedioic acid (10) (576 mg, 4 mmol) in dry tetrahydrofuran (45 ml) was cooled to -50' under nitrogen. After the dropwise addition of butyllithium (1.46 ml of an 8 . 2 M solution in hexane, 12 mmol) a t -50 to -40°, the off-white, viscous reaction mixture was stirred a t -40' for 20 min, allowed to warm to 0' and stirred a t this temperature for a further 1 . 5 h. The reaction mixture was then cooled to -50' under nitrogen, and a cold solution of monochloramine in ether (21 ml, 0.57 M ) was added dropwise over 10 min to the mixture. The colour of the reaction mixture changed from off-white to dark red after the addition of 7 ml of chloramine, to yellowish after a further addition of 6 ml of chloramine, and finally to off-white. The reaction mixture was kept below -30' for 20 min, allowed to warm up to room temperature over 1 h, and stirred a t room temperature for a further 1.5 h. The yellow precipitate that formed was filtered off and dissolved in water (90 1111, pH about 12 on indicator paper). The filtrate was discarded as t.1.c. (Ninhydrin) showed no orange-brown spots due to unsaturated amino acids. The basic aqueous solution was extracted with ethyl acetate (3x25 ml), then cooled in an ice bath and acidified with cold glacial acetic acid to pH 3-4. After further extraction with ethyl acetate (3x30 ml), two-thirds of the volume of the acidified aqueous layer was absorbed on Dowex-50W (H+) ion-exchange resin (30 ml). The fractions from water elution were collected (50 ml each for fractions 1-10, and 150 ml each for fractions 11-27) and the product was found in fractions 14-23 by t.1.c.; these fractions were concentrated under reduced pressure with the water bath not exceeding 40'.
The solid residue was dissolved in a min~mum amount of water and the product was precipitated, by the addition of ethanol, as a pale yellow powder which was filtered and washed in turn with ethanol and ether (39 mg). Similarly, the remaining one-third of the crude product yielded a further 12 mg, giving the ammo dzaczd (11) 
3-Phenylthiopent-2-enedioic Acid (12)
A solution of dimethyl 3-phenylthiopent-2-enedioate1g (1.80 g, 6 . 8 mmol) in methanol (9 ml) was refluxed with potassium hydroxide solution (1.57 g in 1 . 8 ml H2O) under nitrogen for 2 h. After removal of the methanol and extraction with ether (3x30 ml) the basic aqueous reaction mixture was acidified with 2 M hydrochloric acid and extracted with ethyl acetate (3x50 ml). The combined ethyl acetate extracts were washed with brine (1 x10 ml) and dried over Na2S04. Removal of the solvent gave a soiid residue which was crystaliized from ethyl acetate to yield the diacid (12) (550 mg, 33%). l H n.m.r. 6 (90 MHz; (CD3)2SO, CDC13, Si(CH3)d) 3.81, s, 2H, H4; 5.44, s, lH, H2; 7.37-7.55, m, 5H, ArH.
(rt)-4-Amino-3-phenylthiopent-8-enedioic Acid (13)
A solution of the diacid (12) (714 mg, 3 mmol) in dry tetrahydrofuran (30 ml), under nitrogen, was cooled to -50' in a dry-icelethyl acetate bath. Butyllithium (1.6 ml of a 6 M solution in hexane, 9 . 6 mmol) was added dropwise a t -50' while maintaining the temperature a t -50°, and then monochloramine in ether (0.567 M, 16 ml) was added dropwise, under nitrogen, while maintaining the temperature below -10'. The dark yellow reaction mixture was stirred at 0' for 1 h, and then room temperature for a further hour. After removal of the solvents under reduced pressure, the residue was dissolved in water (pH of the solution about 9-10). After extraction with ethyl acetate (3x30 ml), the basic aqueous reaction mixture was cooled in an ice bath and acidified with cold glacial acetic acid to pH 3-4. Following extraction with ethyl acetate (3x30 ml), one-tenth of the acidified aqueous layer was worked up with Dowex-50W (H+) ion-exchange resin while the remaining ninetenths of the solution was left standing in the refrigerator for 3 days. The solid precipitating from the solution a t 4' was filtered off and washed with cold water to give the ammo diacid (13) (28 mg, 3.7%) . Thin-layer chromatography indicated that the filtrate from this workup contained very little more of the desired product, m.p. [110] [111] [112] [113] [114] 51.0; H, 4.8; N, 5.5. C11HiiN04S.0.25H20 requires C, 51.3; H, 4.5; N, 5.5%) . 'H n.m.r. 6 (DzO, NaOD, 6 HOD taken as 4.86 ppm) 5. 31, s, lH, H4; 5.48, s, lH, H2; m, 5H, ArH. The workup with Dowex-50W (H+) ion-exchange resin was done as follows: one-tenth of the acidified reaction mixture was absorbed onto Dowex-50W (H+) (3 ml), the resin washed with water until neutral, then eluted with 1 M aqueous pyridine. The elution was monitored by t.1.c. The combined pyridine fractions were evaporated under reduced pressure until dryness and the gummy solid residue was dissolved in water, reabsorbed onto a second Dowex-50W (H+) column (3 ml), the column washed with water until neutral, and eluted with water. The fractions (50 ml each) containing amino acid were combined and concentrated under reduced pressure to give a solid film with an identical RF to that of the solid which had precipitated from the cold solution.
( f )-3-Aminocyclopent-1-ene-l,3-dicarboxylic Acid (6) A solution of cyclopent-1-ene-1,3-dicarboxylic acid (14)~' (424 mg, 9.0 mmol) in dry tetrahydrofuran (30 ml), under nitrogen, was cooled to -50'.
After the dropwise addition of butyllithium (1.5 ml of a 6 M solution in hexane, 9 mmol) at -50°, the yellow, viscous reaction mixture was stirred at -50' for Or5 h, allowed to warm up to 0' and stirred a t this temperature for a further 1 h. The reaction mixture was then cooled to -50' and monochloramine in ether'' (0.54 M, 15 ml) was added dropwise to the trianion under nitrogen, the reaction temperature being kept below -10' during the addition. The reaction mixture was stirred at 0' for 45 min, then a t room temperature for a further 1 h. Removal of the solvents under reduced pressure gave a residue which was dissolved in water. After extraction with ethyl acetate (2x20 ml), the basic aqueous reaction mixture was cooled in an ice bath and acidified with cold glacial acetic acid to pH 3-4. After further extraction with ethyl acetate (3x25 ml), the acidified aqueous layer was absorbed onto Dowex-50W (H+) ion-exchange resin (15 ml) and eluted with water.
The column fractions (50 ml) were monitored by t.1.c. All fractions from the initial column that contained amino acid were rechromatographed on Dowex-50W (H+) columns (20 ml) until fractions containing almost pure amino acid were obtained (t.1.c. solvent B). These fractions were concentrated to a minimum volume and crystallization was induced by addition of ethanol to the viscous residue, and scratching. The product was filtered off, washed in turn with aqueous ethanol (9: 1 v/v), ethanol and ether to give the title compound (6) (125 mg, 27%), darkened from 174', becoming brown a t 190°, and black a t 285' without melting ( cis-Cyclopent-4-ene-1,3-dicarboxylic acid2' (500 mg, 3.2 mmol) was added to dry tetrahydrofuran (40 ml) under nitrogen and the mixture was stirred for 15 min before being cooled to -70' (acetoneldry ice). Dry N,N,Ni,Nitetramethylethylenediamine (1 ml, 6 mmol) was then added to this solution before generation of the yellow lithium trianion with butyllithium (1.78 ml, 14 mmol). This mixture was then allowed to warm to room temperature to ensure complete reaction before being recooled to -70'.
Freshly synthesized chloramine in ether (12 ml, 7.5 mmol) was then added in 3-ml batches to the lithium trianion over 10 min, and the mixture stirred for 15 min below -50' before being once again allowed to warm to room temperature. The reaction vessel was left to stand for 12 h at room temperature before the tetrahydrofuran was removed under vacuum. The white powdery residue was dissolved in water (50 ml) and the solution washed with ethyl acetate (3x20 ml). The aqueous layer was acidified to pH 3 with glacial acetic acid and again washed with ethyl acetate (30 ml). The aqueous layer was concentrated to 5 ml before being absorbed onto a Dowex-50W (H' ) cationic exchange column (40 ml).
The fractions (120 ml) from water elution were collected and the products were found in fractions 7-19; these were concentrated to yield a 3 : 1 mixture (by n.m.r.) of trans and czs amino acids (8) and (7) (107 mg, 19%) as a light brown solid foam. Repeated chromatography with water elution on a similar Dowex-50W column (18x225 ml fractions) gave the minor isomer (7), eluted in fractions 7-9 (19 mg), and the major isomer (8) in fractions 11-18 (84 mg). Two recrystallizations of the latter fractions from water gave the pure a m m o dzaczd (8) (5 mg, l % ) , m.p. 209-213' (dec.) (Found: C, 44.5; H, 5.8; N, 7.3. C7HgN04.H20 requires C, 44.5; H, 5.9; N, 7.4%). 'H n.m.r. 6 (DzO, DSS) 2. 44, dd, J 8.8, 15 Hz, lH, H2; 2.77, dd, J 5.3, 15 HZ, lH, H2; 5.92, dd, J 2.7, 5.6 HZ, lH, H 4 o r 5; 6.33, dd, J 2.4, 5 . 6 H z , lH, H 5 or 4. 13c n.m.r. b (DzO, dioxan) 36.9, C2; 51.9, C3; 72.0, C1; 131.5, C 4 or 5; 138.8, C 5 or 4; 176.0, C02H; 178.0, COzH. vmax 3350, 3470, 1680 178.0, COzH. vmax 3350, 3470, , 1585 178.0, COzH. vmax 3350, 3470, , 1190 178.0, COzH. vmax 3350, 3470, , 1075 cas-Cyclopent-4-ene-1,3-dicarboxylic acidz1 (4.00 g, 26 mmol) was refluxed with isopropyl alcohol (100 ml) and conc. sulfuric acid (0.1 ml) for 12 h. The isopropyl alcohol was v-ap vacii.om and the re&&Ge disso~".ed in ether (100 ml). The resulting solution was washed with water (50 ml) followed by aqueous sodium bicarbonate (50 ml), and dried (Na2S04). Concentration of the solution afforded the product as a brown oil which was distilled under reduced pressure to yield the dzester (16) (25) .
Butyllithium (2.65 ml, 23 mmol) was added to a solution of diisopropylamine (3.2 ml, 23 mmol) in dry tetrahydrofuran at -40' (dry icelethyl acetate) under nitrogen. The reaction was then allowed to warm to -10' to enable the formation of lithium diisopropylamide as a clear solution. The lithium diisopropylamide was recooled to -40' before the addition of diisopropyl cis-cyclopent-4-ene-1,3-dicarboxylate (16) (4.9 g, 21 mmol) over 10 min. The solution began to appear yellow with the formation of the lithium salt and a precipitate also formed. This mixture was warmed to -5' to allow complete reaction before being recooled to -40'.
Chloramine (67 ml, 49 mmol) was then added to the solution over 10 min to quench the lithium salt and the reaction mixture reverted to colourless. This reaction mixture was allowed to warm t o 20' when solution became red. The tetrahydrofuran was then evaporated under vacuum and the residue extracted into ether (2 x 70 ml). The resulting solution was washed with water (30 ml) and brine (30 ml), then dried (Na2S04) to yield the crude amino esters as a brown gum (8.0 g).
Base hydrolysis. Hydrolysis of the esters by refluxing for 5 h with 2 M potassium hydroxide (100 ml) gave an amino acid mixture from which the conjugated isomer could be isolated by repeated chromatography on Dowex-50W columns and crystallization as described for (8). Monitoring the column fractions with the t.1.c. solvent system B allowed the collection of fractions containing (9) and (7), and repeated recrystallization from water gave the pure amino diacid (9) (61 mg, 1.75%) as a white crystalline powder, m.p. >250° (Found: C, 47.9; H, 5.4; N, 7.9. C7HgN04.0.25Hz0 requires C, 47.9; H, 5.5; N, 8.0%) . 'H n.m.r. (360 MHz) Acid hydrolysis. When the crude aminat ion product obtained from the ester (16) (2.18 g, 9 . 1 mmol) by the procedure above was hydrolysed by refluxing for 2.5 h in acetic acid (2 ml) and 6 M hydrochloric acid (18 ml), followed by removal of the solvent and recovery of amino acids on Dowex-50W as before, a mixture of (7) and (8) (2: 1 by n.m.r.) resulted. The final amino acid, the cis isomer (7), was most readily isolated from this mixture. Subsequent chromatography on further Dowex-50W columns with water elution, and crystallization as described for (8) above, gave (8) (7.5 mg, 0.5%) and the amino diacid (7) as a white crystalline solid (35 mg, 2%), m.p. 225-234' (dec.) (Found: C, 44.8; H, 5.7; N, 7.5. C7HgN04.H20 requires C, 44.5; H, 5.9; N, 7.4%) . 'H n.m.r. 6 (D20, DSS) 2.35, dd, J 4.8, 14.5 Hz, lH, H 2P; 2.77, dd, J 8.8, 14.5 Hz, lH, H 2 a ; 3.89, dddd, J 2.3, 2.5, 4.8, 14.5 HZ, H3; 5.92, dd, J 2.5, 5.5 Hz, lH, H 4 or 5; 6.33, dd, J 2.3, 5 . 5 Hz, H 5 or 4. 13C! n.m.r. 6 (D20, dioxan) 37.5, C2; 51.8; C3; 71.7, C 1; 131.7, C 4 or 5; 138.9, C 5 or 4; 175.7, C02H; 178.5, C02H. v , , , 3550, 3470, 1680, 1590, 1215, 1115, 810, 775 cm-l were determined by a least-squares fit to the setting parameters of 25 independent reflections, measured and refined on an Enraf-Nonius CAD4F four-circle diffractometer employing graphite monochromatized Mo K a radiation.
Intensity data were collected in the range 1 <0 < 25' by using an w scan. The scan widths and horizontal counter apertures employed were (1.501-0.35 tan 8)' and (1.90+1.05 tan 0) mm respectively. Data reduction and application of Lorentz and polarization corrections were carried out with the Enraf-Nonius Structure Determination Package.25 Of the 1170 independent non-zero reflections collected, 980 with I > 2.5u(I) were considered observed and used in the calculations. The structure was solved by direct methods with SHELXS-8626 and the solution was extended by difference Fourier methods. Hydrogen atoms were refined with isotropic thermal parameters and all other atoms were refined anisotropically. Full-matrix least-squares refinement of an overall scale factor, positional and thermal parameters converged (all shifts <0.002u) with residuals* R 0.035, R, 0.038 and w = 2~10/(a2(F0)+~~00009Fo2). Maximum excursions in a final difference map were +0.23 and -0.19 e A-3. Scattering factors and anomalous dispersion terms used were those supplied in SHELX-76.27 All calculations were carried out with SHELX-7627 and plots were drawn by using ORTEP.~'
The atom numbering scheme is given in Fig. 1 . Final atomic coordinates, bond lengths and bond angles are listed in Tables 1-3 . Listings of observed and calculated structure factors, non-hydrogen atom thermal parameters, hydrogen atom coordinates and thermal parameters, close non-bonded contacts and details of least-squares planes calculations are deposited as an accessory pub1ication.t
